Obesity is an epidemic in the United States, and weight loss is key component to overcoming the problem. However, the risk of falling and injury in the obese population may hinder their engagement in the amount and intensity of physical activity needed to lose weight. The risks of falling and injury have been attributed to differences in temporospatial walking parameters, musculoskeletal structure, and cognitive processing: all of which affect the obese population's ability to adapt while walking. We have proposed that an intervention using motor learning principles with an implicit learning task could improve the adaptive abilities of obese individuals during movement and thus, allow for safer participation in physical activity during weight loss interventions.
INTRODUCTION
The increased prevalence of obesity in adults from the 1970s through the 1990s [1] has made obesity a prime concern for health professionals in the United States for many years. Over the past decade, the rate of increase appears to be slowing or plateauing. However, numerous adults still have become and remain obese [2] ; data from the National Health and Nutrition Examination Survey show that as of 2009-2010 approximately 36% of US men and women are obese [3] . To combat the obesity epidemic, there has been an emphasis on encouraging physical and habitual (i.e. healthy eating, taking the stairs, etc.) lifestyle changes to aid in the weight loss process [4, 5] . While successful, these interventions take years to reach the desired goal because weight loss is a slow process [4, 5] . Therefore, there is a need to design interventions to support adults while they are losing weight.
Evidence shows that obesity is associated with differences in walking that affect the ability to adapt: the ability to modify movements when faced with changes in local conditions [6] . These differences may contribute to the greater incidence of falls and injuries seen in the obese population [7, 8] . Differences in walking and subsequent risk of injury in the obese population suggest that they need more than just weight loss interventions. During the weight loss process, safety is also a priority. Therefore, weight loss interventions should take into consideration the increased risk of injury in individuals who are obese by examining and intervening on the impact of obesity on adaptation.
The purpose of this paper is to argue the importance of how an individual's ability to adapt affects safe participation in physical activity weight loss interventions. It is crucial that an aspect of obesity intervention include training adaptive abilities to reduce injuries and to allow for safer participation in physical activity interventions. Health professionals have the ability to address impairments in adaptation, however obesity interventions involving adaptive training have yet to be implemented. The ability to adapt can be key for obese adults to maintain safety during physical weight loss interventions.
Review of Factors Affected by Adult Obesity
Adult obesity is associated with impairments in many aspects of walking that affect adaptation, which can lead to falls and injuries [9] . For example, compared to normal weight adults, obese adults vary the timing and distance of their steps (i.e. temporospatial gait parameters) and produce smaller forces on the knee (reduced torque) during walking [10, 11] . There are also positive correlations between adult obesity and knee osteoarthritis, and negative correlations between obesity and weakening bone strength [12, 13] . Lastly, the obese population has been shown to perform poorly on cognitive tasks, including motor planning, which is important in adapting motor actions [14] . The links between obesity and impairments in movement, musculoskeletal structure, and cognitive processing all affect obese individuals' ability to adapt during walking and will be discussed further in this paper. Recognizing and addressing these areas when planning obesity interventions would allow participants to safely take part in physical activity and may increase their willingness to participate in physical activity due to increase self-confidence and self-efficacy [15] .
Impairments in Temporospatial Walking
Parameters Many of the walking impairments related to adult obesity involve differences in temporospatial gait parameters between obese and normal weight individuals. To our knowledge, all of the research to date agrees there are walking impairments associated with adult obesity. When walking at a self-selected pace, compared to normal weight adults, adults who are obese have shorter stride lengths, walk more slowly (i.e. slower velocity), and spend more time with their feet in contact with the ground via longer double support times and stance times [6] . Obese adults also demonstrate decreased cadence (steps per minute), less time with their feet off the ground (i.e. shorter swing times), and walk with their feet farther apart with larger step widths [11, 16] . Adult obesity is also associated with limited postural control and stability that could impair the ability to readily adapt while walking [17] . For example, obese men and women display a forward anterior posterior (AP) center of pressure position because they carry their weight towards the front of their feet, and increased AP instability during dynamic balance [17] . Therefore, the changes in temporospatial gait patterns have been interpreted as a way to compensate for instability during dynamic balance [11] . However, these changes, while intending to improve dynamic balance, may actually jeopardize the ability to recover when a loss of balance occurs and perpetuate patterns of walking that precipitate falling such as tripping [18] leading to more instances of falls.
Difficulty maintaining dynamic balance may be one reason for differences in walking parameters, but there is evidence that preserving skeletal health, particularly at the knee joint, may be another. These altered gait parameters lead to decreased knee torque in obese individuals [10] . The altered walking pattern acts as a mechanism for maintaining skeletal health with additional body weight due to obesity [10] . It is possible that although decreased torque via alterations in temporospatial gait parameters may help maintain skeletal health for obese individuals, it actually compromises their ability to maintain balance and recover from loss of balance. Regardless of the reason for the differences in walking, these impairments threaten obese adults' ability to adapt and capacity to prevent falls and injuries. They should be carefully considered during the creation of obesity intervention programs.
Differences in Musculoskeletal Structure
Aside from impairing walking, adult obesity also has a detrimental effect on musculoskeletal structure, which can hinder adaptation. Over the long term (e.g. up to 10 years), individuals with obesity are more likely to develop knee osteoarthritis than those who are not obese [19] . There is a dose-response relationship between the two variables, meaning that the greater the body mass index (BMI), the greater the likelihood of developing osteoarthritis [19] . The presence of osteoarthritis results in outcomes that affect walking and the ability to be adaptive. Increased knee pain has been associated with higher BMI scores: the higher the BMI the higher the degree of pain reported in the joint [12] . Therefore, the obese population is more likely to have osteoarthritis and to experience more joint pain than the normal weight population. While it has not been directly examined in the obese population, the increase in pain from knee osteoarthritis could result in a greater incidence of falls. For example, when artificial knee pain is induced in healthy individuals via a saline injection into the knee joint, adults demonstrate impairments in postural control and stability during quiet standing [20] . During induced unilateral knee pain, increased AP sway displacement was observed, and during bilateral knee pain, increased AP and medial-lateral (ML) sway displacement was noted [20] . Based on this finding, it is plausible that knee pain experienced by obese individuals could damage postural control and stability putting them at risk for loss of balance and falling.
Compromised bone strength is another musculoskeletal deficiency that has been observed in obese individuals. A number of studies pinpoint low bone mineral density in children who are obese, but no such studies have observed this in adults [21] . However, one study with eighteen and nineteen year old females showed a relationship between the percentage of body fat and the likelihood of experiencing deficits in overall bone strength. Bone failure can be predicted using the peripheral quantitative computed tomography (pQCT) method, which takes into account bone size, shape, and mineral density [13] . When adjusting for muscle cross-sectional area, the percentage of body fat was inversely related to pQCT measurements. Specifically, the high-fat group had significantly lower tibial and radial strength-strain indices, lower tibial cortical bone area and bone mineral content, and lower radial total bone cross-sectional area [13] . Contrary to prior research, this suggests that excess body weight is not advantageous to the skeletal apparatus, when the added weight is due to fat mass. While this research in young adults is in its preliminary stages, it lends credence to the idea that obese adults incur more injuries from falls because they 1) are more likely to fall; and 2) have weaker bones. These findings on osteoarthritis and bone strength highlight the importance for healthcare professionals to incorporate adaptation training into obesity interventions to address the safety of their participants.
Limitations in Cognition
Adult obesity may also affect adaptation by limiting an individual's ability to motor plan. Poor motor planning, the ability to pre-plan a movement before it is executed, leads to poor performance on tasks [22] . This could be a detriment to adaptation because adaptive behavior involves tailoring actions in the face of variability. Therefore, motor plans need to be changed during motor actions [23] . In the obese population, poor motor planning and an inability to change motor plans during the course of action, could lead to more frequent losses of balance or the inability to recover from unavoidable losses of balance.
While research on the relationship between obesity and cognition (e.g. motor planning) is relatively new, there is evidence that obesity negatively impacts performance on cognitive tasks. Compared to normal weight individuals, obese individuals (specifically with BMIs > 35) perform significantly worse on tests of executive function that involve planning and mental flexibility, both which are keys to motor planning [14] . Reasons for this relationship are not well understood at this point. However, possible causes include impaired metabolic processing affecting brain structures involved in planning and organization, such as the cerebellum [22] . Recent imaging studies suggest that obesity may be related to reduced cerebellar function in children and perhaps the same may hold true for adults [24] . Second, a lack of physical activity in the obese population could lead to a decrease in oxygen flow to the brain, which may impair spatial abilities needed to plan motor actions [25] . Each of these suggestions could negatively affect an obese individual's cognitive abilities and in turn, their motor planning. The inability to adapt quickly to change could lead to injuries and poses a serious safety risk for obese individuals.
DISCUSSION
Walking, musculoskeletal structure, and cognition all play a role in the ability to adapt. Training for the obese population focused on improving these areas involved in adaptation may help in their ability to modify motor movements needed to sustain the amount and intensity of physical activity to participate in obesity interventions.
Below we discuss how motor learning principles could be used to address the previously discussed deficits faced by the obese population in order to improve adaptation.
Adaptation Training Intervention for Obese Adults
An intervention using motor learning principles could help improve obese individuals' ability to adapt. Integrating the concept of implicit learning into these principles may be an effective way to improve adaptation. Implicit learning is defined as learning without the awareness of what is being learned [26] . In contrast, explicit learning is defined having a complete awareness of what is being learned [26] . Implicit learning has been shown to improve performance on cognitive motor tasks [27, 28] . Walking impairments caused by differences in temporospatial parameters (i.e. balance) and limits in cognition (i.e. poor motor planning) could benefit from training using an implicit task. The idea behind incorporating implicit learning into adaptation interventions is that, once learned, the task would become second nature so that there would be no need to think about how or when to perform it. The hope is that this would lead to improved adaptive abilities in obese adults and fewer incidences of falls and injuries. Implicitly learned plans have been shown to override explicitly learned strategies during visuomotor adaptive tasks [29] . Therefore, if a skill is learned implicitly, there is no need to rely on explicit strategies. Use of an implicit strategy would allow for readily adapting to changes during movement. Therefore, it makes sense to train the components of walking impaired by obesity, balance and cognitive function, with a implicit learning strategy.
Incorporating an implicit learning task with accepted motor learning principles, such as practice conditions, types of augmented feedback, and schedules of feedback, could be an effective way of constructing an adaptation intervention. These principles would help health professionals to structure practice and feedback for their clients to promote learning (See Table 1 for definitions and applications of principles). First, two types of practice conditions include blocked and random practice [30] . Blocked practice usually allows for better performance of a skill during practice because it is learned faster, but random practice has been shown to produce better retention of a skill after time away from practice even though performance during practice may suffer [30] . Second, augmented feedback falls into two categories, knowledge of results (KR) and knowledge of performance (KP). With KR, the learner receives information about the outcome of performing a skill or task, whereas with KP, information about the nature of the movement that led to the performance outcome is received [31] . Finally, sched- 
Concurrent
Feedback given during completion of the task Informing participants of successful target hits or of movement characteristics while they are playing the game ules of feedback can be intermittent or concurrent. This means that feedback can be given after the task is completed or feedback can be given during the task itself [32] . The goal of the intervention and the skill level of the participant should be considered when deciding which principles should be used. For example, it may be best to start beginners with blocked practice to familiarize them with the task and to promote adherence to the intervention. Once they are familiar with the skill, they can be transitioned to random practice, so that the skill can be retained and generalized to other aspects of movement. A concrete example of how these strategies can be used to promote improvements in balance and cognitive function is with an interactive dance video game. It has been suggested that a game such as Dance Dance Revolution (DDR) (Konami) could be used in a clinical capacity to improve motor skills and cognition [33] . The game requires the player to stand on a sensor mat with pads that correspond to different step directions. The game scrolls directional arrows down a television screen indicating which pad the player should step on to the beat of a song. This task requires balance, timing, motor planning, and visuomotor integration: all of which are important to adapting while walking.
An intervention using DDR could include both blocked and random practice. Since blocked practice leads to less retention of skill, but faster skill acquisition, blocked practice can be used during the beginning stage of the intervention. Then, random practice can be introduced after a few sessions, to allow individuals to generalize the benefits of improved performance to everyday life. In this example, blocked practice could entail playing multiple songs in a row all at a preferred difficulty level, while random practice could involve playing songs above the preferred skill level every so often (i.e. interspersed randomly throughout the practice session). KR and KP elicit the same results with regard to motor learning, but the goal of an intervention focused on improving adaptation would be to encourage implicit learning [31] . Therefore, the focus of feedback in our proposed intervention would be based on movement outcomes rather than on the characteristics of movement related to performance. Using the DRR example, KR could be given about whether the player hit the correct direction on the mat with the correct timing while playing the game. Due to the nature of the game, feedback would be displayed concurrently. While literature on the use of intermittent vs concurrent feedback varies, there is evidence that concurrent feedback during rehabilitation is effective [34] . Therefore, the proposed intervention would include blocked and random practice, with continuous concurrent KR feedback.
To promote implicit learning, participants should focus on improving their scores (i.e. number of correct steps hit or points at the end of a session) rather than on how tocontrol balance or on memorizing the pattern of arrows presented during the game. The hope is that by taking part in an adaptation intervention that balance and cognition would improve without explicit effort and that implicit learning would strengthen an obese individual's ability to adapt.
